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a  microwave  field  caused  by  the  introduction  of  man  or  animals.  For  safety  monitoring,  power 
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A  systematic,  detailed  description  of  the  spatial  energy  distribution  in  microwave  fields  in 
proximity  to  man  is  provided  for  the  first  time.  Graphic  information  is  provided  to  demonstrate 
the  effects  on  the  energy  distribution  of  different  radiation  parameters  such  as  frequency  and 
polarization  and  of  the  ratio  of  subject  size  to  wavelength.  The  field  patterns  obtained  with 
man  are  compared  to  theoretical  studies  of  simpler  objects  ■  vailable  in  the  literature. 

The  information  obtained  in  the  present  studies  is  immediately  applicable  to  hazard  evalu¬ 
ations  and  to  the  design  of  bioeffect  investigations.  The  most  significant  benefit  of  the  approach 
is  in  the  potential  for  development  of  a  new,  noninvasive  method  for  estimating  the  energy  ab¬ 
sorbed  by  man  or  animals  from  an  incident  microwave  field. 
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SUMMARY  PAGE 


THE  PROBLEM 

The  introduction  of  living  organisms,  including  man,  into  a  microwave  field  causes 
pronounced  changes  in  the  energy  distribution  in  that  field.  The  significance  of  these 
changes  must  be  recognized  in  the  interpretation  of  field  intensity  measurements  made 
for  exposure  estimations,  in  experimentation  designed  to  detect  the  bioeffects  of  non¬ 
ionizing  radiation,  and  in  hazard  evaluations.  Basic,  detailed  information  concerning 
the  characteristics  and  extent  of  these  field  perturbations  is  not  available,  particularly 
in  proximity  to  man . 

A  more  difficult  problem  exists  in  estimating  the  energy  absorbed  by  man  from  an 
incident  microwave  field.  A  satisfactory  theoretical  solution  to  this  problem  is  contin¬ 
gent  on  the  development  of  a  model  that  incorporates  all  of  the  significant  parameters 
in  the  proper  relationship  to  each  other.  In  view  of  the  extreme  complexity  of  man, 
development  of  such  a  model  is  a  formidable  task.  Once  the  task  is  accomplished, 
validation  of  the  model  remains  a  problem. 

A  unique  approach  to  these  problems  is  in  progress  at  this  laboratory  as  a  part  of  a 
more  comprehensive  investigation  of  the  effects  of  low  intensity  microwave  radiation 
on  man  and  animals.  The  approach  is  based  on  the  direct  measurement  of  the  microwave 
energy  reflected,  diffracted  and  transmitted  by  man.  It  automatically  takes  into  account 
the  complex  nature  of  the  living  subject  and  thereby  minimizes  the  need  for  extrapo¬ 
lations  from  either  living  or  nonliving  models. 

FINDINGS 

A  systematic,  detailed  description  of  the  spatial  energy  distribution  in  microwave 
fields  in  proximity  to  man  is  given  for  the  first  time.  Graphic  information  is  provided 
to  demonstrate  the  effects  on  the  energy  distribution  of  the  relationships  between  the 
subject  and  different  parameters  of  the  radiation  such  as  frequency  and  polarization. 
Selected  inanimate  objects  were  used  in  the  same  measurement  framework  to  identify 
specific  components  of  the  diffraction  patterns  and  to  provide  a  connecting  link  through 
which  the  information  gained  with  man  can  be  related  to  more  extensive  studies  of 
simpler  objects  reported  in  the  literature.  Characteristics  of  the  diffraction  patterns  are 
identified  which  indicate  the  absorption  of  the  incident  emergy  by  man. 

The  information  obtained  in  the  present  studies  is  immediately  applicable  to  the 
design  of  bioeffect  investigations  and  to  hazard  evaluations.  The  most  significant  bene¬ 
fit  of  the  approach,  however,  is  in  the  potential  for  development  of  a  new,  noninvasive 
method  for  estimating  the  energy  absorbed  by  man  from  a  microwave  field.  The  results  of 
the  present  investigation  provide  basic  information  that  is  prerequisite  to  the  development 
of  such  a  method . 
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INTRODUCTION 


A  recurring,  fundamental  problem  associated  with  studies  of  the  effects  of  microwave 
radiation  on  man  or  other  biosystems  is  that  of  estimating  the  energy  actually  absorbed  by 
the  system  from  an  incident  radiation  field.  The  significance  of  the  problem  has  been 
recognized  by  many  investigators  and  attempts  have  been  made  to  develop  solutions  based 
on  both  practical  and  theoretical  considerations  (13). 

An  investigation  is  in  progress  at  this  laboratory  to  evaluate  the  effects  of  low  inten¬ 
sity  microwave  radiation  on  man  and  animals.  Energy  absorption  considerations  are  ot 
particuiar  significance  because  of  the  low  radiation  intensities  in  use  and  consequent 
subtle  effects  that  are  anticipated.  Optimum  results  would  be  expected  from  measure¬ 
ments  taken  with  very  small  sensors  embedded  in  the  different  tissues  of  interest.  A  sur¬ 
vey,  then,  of  the  microwave  fields  within  different  tissues  and  organs  would  provide 
direct  information  on  the  absorbed  dose.  Unfortunately,  a  sensor  suitable  for  this  purpose 
does  not  exist,  nor  does  it  appear  likely  that  so  invasive  a  procedure  could  be  justified 
at  present,  at  least  not  with  man. 

Many  of  the  accepted  concepts  for  quantifying  the  interaction  between  biological 
systems  and  nonionizing  radiation  are  applicable  only  under  idealized  conditions  (15). 
These  concepts  were  developed  primarily  during  theoretical  studies  based  on  mathemati¬ 
cal  models  intended  to  represent  the  living  systems  under  consideration.  Typical  assump¬ 
tions  made  for  computational  simplicity  during  such  studies  were  the  following:  (a)  the 
illumination  was  a  simple  plane  wave,  (b)  the  biosystem  model  was  composed  of  one  or 
multiple  layers  of  homogeneous  material  having  electrical  properties  reported  for  skin, 
fat  or  muscle  tissue,  and  (c)  the  tissue  models  were  arranged  in  a  series  of  planar  slabs  or 
concentric  spheres  of  selected  dimensions. 

Although  considerable  improvements  have  been  made  in  the  theoretical  approach, 
the  extent  of  the  disparity  between  conditions  as  they  exist  in  reality  and  those  assumed 
by  some  of  the  models  can  be  appreciated  by  consideration  of  some  significant  factors 
relevant  to  the  examples  cited:  (a)  It  is  unlikely  that  a  plane  wave  will  be  present  at  an 
area  in  which  hazardous  power  levels  are  to  be  anticipated.  In  fact,  because  of  multi- 
path  reflections,  considerable  effort  is  often  required  to  obtain  a  plane  wave  even  in  an 
area  located  at  a  sufficient  distance  from  the  radiator  to  be  in  the  far  field.  Plane  wave 
considerations  are  not  always  appropriate  in  the  near  field  of  an  antenna  where  power 
levels  are  highest  (15).  (b)  The  amount  of  energy  deposited  in  a  tissue  immersed  in  a 
microwave  field  is  critically  dependent  on  its  dielectric  and  loss  properties,  which  could 
be  expected  to  vary  according  to  the  type  of  tissue.  In  addition,  any  boundary  between 
tissues  of  differing  composhion  is  capable  of  causing  reflections,  if  the.-  adjacent  tissues 
differ  in  dielectric  properties.  The  reflections  from  the  boundaries  can  sum  to  form  mul¬ 
tiple  foci  of  energy  and  localized  '  hot  spots”  throughout  the  tissue.  Tang  (12)  and  Adey 
(1)  vividly  demonstrated  the  complex  nature  of  the  microwave  scattering  obtained  from 
dielectric-coated,  conducting  cylinders  and  solid,  dielectric  cylinders.  Both  studies 
show  that  the  scattering  properties  of  the  objects  vary  widely,  depending  on  both  the  type 
of  dielectric  and  the  relationship  between  the  size  and  shape  of  the  reflecting  object  and 
the  wavelength  of  the  radiation. 
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Complex  scattering  behavior  was  observed  by  these  authors  from  objects  of  simple 
shape  composed  of  a  single  homogeneous  dielectric  material  or  of  a  conductor  covered  by 
a  single,  homogeneous  layer  of  dielectric.  In  both  cases  the  reflecting  objects  were  ex¬ 
treme  ly  simple  and  regular  in  shape  and  composition  as  compared  to  man  and  most  other 
living  organisms.  Man,  to  the  contrary,  is  neither  homogeneous  in  composition  nor  sim¬ 
ple  in  shape  but  is  extremely  complex  from  the  microwave  point  of  view.  Man's  tissues 
are  generally  stratified  with  multiple  layers  of  materials  of  differing  dielectric  properties 
intermixed  in  different  proportions  according  to  the  function  of  the  tissue  or  organ.  The 
resultant  mixture  should  have  dielectric  properties  that  are  different  from  those  of  any  of 
its  constituents  (14).  Additional  changes  in  the  mixture  proportions,  and  therefore  the 
dielectric  properties,  could  be  expected  to  follow  dilation  of  the  capillaries  and  per¬ 
fusion  of  the  tissues  with  blood — a  normal  dynamic  change  of  considerable  magnitude  that 
occurs  in  response  to  a  shift  in  the  tissue  from  a  resting  to  an  active  state  (10).  In  addi¬ 
tion  to  changing  the  dielectric  properties,  the  increase  in  capillary  flow  changes  the 
heat  transfer  characteristics  of  the  tissue  and,  therefore,  the  abiPty  to  dissipate  energy. 
The  tissues,  permeated  to  differing  degrees  by  conductors  in  the  form  of  blood  and  lymph, 
may  be  organized  into  either  sheet-like  structures  of  varying  thickness  and  loss  factors, 
or  solid,  hollo.v  or  fluid-filled  organs  that  vary  over  a  wide  range  in  their  orientation 
and  in  the  ratio  of  their  size  to  the  wavelength  of  the  radiation. 

*  There  is,  therefore,  sufficient  reason  to  at  least  question  the  validity  and  applica¬ 
bility  of  conclusions  drawn  on  the  basis  of  some  of  the  models.  To  compound  the  problem, 
no  reasonable  method  exists  to  evaluate  the  degree  of  validity  of  the  models. 

To  ameliorate  the  problem,  a  unique  approach  was  developed  utilizing  man  himself 
as  the  experimental  subject.  The  objective  is  to  determine  those  basic  characteristics  of 
the  interaction  of  the  field  with  man  that  may  be  significant  to  experimental  design  in 
future  studies  and,  if  possible,  to  provide  the  foundation  for  an  Improved,  nontrivasive 
method  tor  estimating  the  energy  actually  absorbed  by  man  from  an  incident  microwave 
field. 


RATIONALE 

Direct  measurement  of  the  energy  reflected,  diffracted  and  transmitted  by  an  object 
can  provide  information  concerning  the  properties  of  that  object  (7).  This  concept  should 
remain  valid  even  if  that  object  is  man.  Determinations  of  the  electrical  energy  density 
in  proximity  to  man  provide  this  information  as  a  function  of  the  radiation  and  absorption 
parameters.  Similar  measurements  taken  in  proximity  to  simpler  objects  exposed  to  the 
same  field  conditions  permit  evaluation  of  the  results  of  the  studies  with  man  in  relation 
to  theoretical  and  experimental  investigations  of  inanimate  objects.  Some  of  these  re¬ 
sults  were  reported  previously  (3,4,9). 

The  intent  to  reduce  assumptions  and  extrapolations  to  a  minimum  is  implicit  in  this 
approach.  This  is  the  fundamental  reason  for  the  choice  of  man  as  the  experimental  sub¬ 
ject.  The  choice  of  man  also  makes  it  possible  to  automatically  fake  info  account  in  the 
proper  perspective  the  complex  shape  and  ratios  of  size  of  the  man  to  wavelength  as  well 
as  the  static  and  dynamic  nature  of  the  dielectric  composition  of  living,  functioning 
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tissues.  A  judicious  combination  of  instrumentation  and  experimental  protocol  provides 
the  necessary  data  with  minimum  exposure  of  the  subject.  For  example,  all  of  the  meas¬ 
urements  described  in  the  present  study  required  a  total  exposure  of  approximately  3  hours 
to  incident  fields  of  approximately  40  microwatts/cm^  (^W/cm^)  distributed  over  a  peri¬ 
od  of  several  weeks. 

EXPOSURE  AND  MEASUREMENT  FACILITIES 

The  facility  used  in  the  present  investigation,  unique  in  many  respects,  was  designed 
specifically  to  permit  short-  and  long-term  studies  of  the  effects  of  low  intensity  micro- 
wave  radiation  on  man  and  the  acute  and  chronic  effects  of  low-  and  high-intensity  radi¬ 
ation  on  animals.  Only  the  most  significant  features  will  be  discussed  at  this  time.  A 
complete  description  will  appear  in  a  subsequent  report. 

Traveling -wave -tube  amplifier  (TWTA)  chains,  driven  by  either  one  or  two  micro- 
wave  sweepers,  provide  continuous  wave  (cw),  pulsrd,  or  swept-frequency  radiation  be¬ 
tween  1  and  12.4  gigahertz  (GHz).  The  output  is  monitored  by  a  thermoelectric  power 
meter.  An  additional  high-power  magnetron  source  is  also  available  at  a  frequency  of 
2.45  GHz.  The  broad  range  of  wavelengths  permits  frequency -sea  ling  experiments  in 
which  the  significance  of  the  ratio  of  wavelength  to  subject  size  can  be  studied.  Either 
amplitude  or  frequency  modulation  is  available  and  changes  in  frequency  and  power  can 
be  programmed  as  desired  on  an  external  curve -tracking  programmer.  Monochromatic 
radiation  is  ussured  by  filtering  during  single-frequency  operation  and  multifrequency 
operation  is  possible.  Frequency  is  monitored  continuously  by  a  crystal -control  led 
counter . 


A  large  parabolic  reflector  (4.8  m  in  diameter)  colllmatet  the  beam  (11)  >n  the 
range  used  in  the  present  series  of  experiments.  The  reflector  is  fed  by  rotatable  horns 
that  provide  any  desired  linear  field  polarization  between  horizontal  and  vertical  (Fig¬ 
ure  1).  Although  a  more  uniform  field  distribution  could  be  attained  by  using  an  offset 
fpf'd  (2,11),  practical  considerai ions  dictated  otherwise  because  a  larger  reflector  and 
housing  area  would  be  required.  The  field  distribution  obtained  with  the  more  conven¬ 
tional  feed  design  was  adequate  for  the  present  studies  and  is  shown  in  the  plots  of  the 
reference  fields  that  follow.  The  beam  illuminates  an  experimental  area  behind  an  aper¬ 
ture  in  an  absorber  wall  5.6  m  from  the  reflector.  Some  improvement  in  the  field  distri¬ 
bution  in  the  experimental  area  was  achieved  by  expanding  the  aperture  from  the  original 
size  of  2.5  m  X  2.5  m  to  the  existing  width  of  3.6  m  and  height  of  3.0  m.  The  front  ab¬ 
sorber  wall  reduces  reflections  into  the  antenna  that  would  tend  to  degrade  the  field. 

An  absorber  backpanel  located  2.5  m  behind  the  absorber  wall  delimits  the  experimental 
area  and  minimizes  reflections  into  it.  The  fiont  absorber  wall,  aperture  and  absorber 
backpanel  ate  coaxial  with,  and  normal  to,  the  beam  axis.  This  arrangement  also  pro¬ 
vides  shielded  areas  for  instrumentation  above,  below,  and  at  both  sides  of  the  experi¬ 
mental  area.  The  experimental  area  itself  is  designed  to  permit  continuous  habitation  by 
human  subjects  and  includes  detachable  sanitary  facilities.  Figure  2  indicates  the  re¬ 
lationships  of  the  major  range  components  and  defines  the  coordinate  system  in  use. 
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Figure  2 

Experimental  Area  with  Subject  in  Position  for  Measurements 
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Power  measurements  are  based  on  recent  concepts  (15)  and  instrumentation  develop¬ 
ed,  calibrated,  and  provided  by  the  Notional  Bureau  of  Standards.  This  instrumentation 
is  an  essential  part  of  the  total  system.  Three  orthogonal  dipoles  were  combined  to  form 
a  very  small  isotropic  sensor  capable  of  mecsuring  both  near  and  far  fields.  In  the  con¬ 
figuration  used  in  the  present  experiments  the  instrument  provided  a  vector  summation  of 
the  square  of  the  electric  vectors  at  a  given  point  in  space.  Wacker  anc  Bowman  (15) 
gave  a  detailed  theoretical  discussion  of  the  benefits  of  expressing  the  measurements  in 
electrical  energy  density  units.  All  energy  density  units  in  the  present  report  can  be 
multiplied  by  60  to  convert  to  the  more  familiar  equivalent  plcne  wave  power  density 
units  (yW/crrr).  The  high  sensitivity  of  the  instrument  (0.3  nanojoules/cubic  meter 
[nJ/m^]  full  scale)  permits  accurate  measurements  at  the  low  power  levels  used  for  hu¬ 
man  exposure,  ond  the  small  sire  permits  a  high  degree  of  spatial  resolution  with  negli¬ 
gible  perturbation  of  the  field.  The  sensor  of  the  instrument  is  mounted  at  the  end  of  an 
arm  suspended  from  an  overhead  gantry  that  drives  in  either  of  two  orthogonal  directions 
(X  or  Z).  The  sensor  thus  scans  in  a  horizontal  plane  at  an  elevation  selected  by  chang¬ 
ing  the  length  of  the  support  arm  (Figure  2).  Since  the  rupport  arm  is  also  in  the  field 
and  could  affect  the  field,  various  materials  and  shielding  arrangements  for  the  arm  were 
tested  before  the  existing  configuration  was  adopted.  Analog  voltages  from  the  drive 
system  indicate  the  spatial  position  of  the  sensor.  A  voltage  from  the  power  meler  indi¬ 
cates  the  field  intensity  at  the  sensor  position.  The  voltagos  are  fed  to  either  a  mini¬ 
computer  for  further  processing  or  directly  to  an  X-Y  recorder  for  plotting,  or  to  both. 
Plots  of  the  scans  provide  a  systematic  description  of  the  spatial  energy  distribution 
throughout  the  experimental  area. 


PROCEDURE 

The  human  subject  or  other  object  of  interest  was  illuminated  by  horizontally  or 
vertically  polarized  cw  radiation  at  a  frequency  of  either  1  or  3  GHz.  Maximum  inten¬ 
sity  of  the  incident  field  at  either  frequency  was  approximately  0.7  nJ/m^.  A  life- 
sized,  fiberglas,  male  manikin,  coated  with  two  layers  of  silver  conductive  lacquer 
(Figure  3),  was  used  in  one  series  of  measurements  to  simulate  the  size  and  shape  of  the 
human  subject.  Another  series  of  measurements  v^as  based  on  a  conducting,  aluminum 
cylinder  that  had  an  adjustable  diameter,  a  normally  vertical  axis,  and  ends  that  extend¬ 
ed  behind  the  upper  and  lower  boundaries  of  the  opening  in  the  aperture  wall.  Succes¬ 
sive  scans  of  the  field  were  made  on  all  sides  of  the  man  or  object  at  increasing  distances 
on  an  X-Z  plane.  All  measurements  were  taken  on  X-Z  planes  located  either  at  the 
transparietal  (head)  or  thoracic  (chest)  plane  on  the  same  human  subject  who  was  of  nor¬ 
mal  size  and  physique.  Preliminary  measurements  on  other  subjects  provided  similar 
results.  Respiration  was  suspended  and,  in  some  cases,  a  custom -fitted,  partial -body 
mold  of  styrofoam  was  used  to  prevent  the  subject's  movement  during  the  measurements  at 
3  GHz  where  motion-induced  artifacts  would  be  more  significant  due  to  the  shorter  wave¬ 
length. 

The  output  power  of  the  generator  was  held  constant  by  continuous  monitoring  with  a 
directional  coupler  and  a  digital,  thermoelectric  power  meter.  Since  one  of  the  objec¬ 
tives  of  the  study  was  to  determine  the  effects  of  frequency,  it  was  imperative  that 
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Figure  3 

Life-sized  Conductive  Manikin  Used  to  Simulate  the  Human  Subject 


monochromatic  radiaHon  be  used  to  illuminate  the  subject.  Therefore,  a  low-pass  filter 
was  used  to  remove  harmonics  and  other  spurious  radiation  from  the  signal  fed  to  the  an¬ 
tenna.  Spectrum  analysis  of  the  signal  demonstrated  both  the  requirement  for  the  filter 
and  its  efficacy  (Figure  4). 

Initial  data  processing  was  accomplished  manually.  Results  of  individual  scans  were 
traced  from  X-Y  recorder  plots,  displaced  on  the  X-axis  and  serially  recombined  to  pro¬ 
vide  three-dimensional  (3-D)  views  of  the  energy  distribution  patterns  with  and  without 
the  subject  in  the  field.  Contour  plots  of  the  same  data  were  also  prepared  manually. 
Procedures  were  subsequently  developed  to  process  the  data  by  minicomputer  and  output 
the  results  -o  an  oscilloscope  for  observation  and  photographic  registration.  A  combina¬ 
tion  of  methods,  dependent  on  the  objective,  is  generally  used.  Examples  of  results  ob¬ 
tained  with  the  different  methods  are  discussed  in  the  next  section. 
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Figure  4 

Power  Spectrum  of  Radiation  at  1  and  3  GHz  With  and  Without  Filters 
RESULTS  AND  DISCUSSION 

The  spatial  distribution  of  microwave  energy  in  proximity  to  man  or  any  other  object 
is  characteristic  of  the  reflection,  diffraction  and  transmission  of  that  energy  by  the  ob¬ 
ject.  The  effects  of  man  on  spatial  distribution  can  be  studied  by  comparison  of  the  pat¬ 
terns  of  electrical  energy  distribution  in  unperturbed  fields  in  the  absence  of  the  man  with 
those  following  his  introduction  into  the  field.  Information  concerning  the  energy  absorb¬ 
ed  by  the  man  is  also  contained  in  the  same  distriburion  patterns.  Although  the  externally 
reflected  and  diffracted  fields  are  of  considerable  interest  in  themselves,  their  relationship 
to  the  absorbed  energy  is  more  significant  in  considerations  of  dosimetry.  Systematic 
microwave  reflection  and  diffraction  measurements  in  proximity  to  man  have  not  been  de¬ 
scribed  previously  or  used  in  the  context  of  experimental  design  of  bioeffect  studies  or 
biological  dosimetry. 


7 


The  distribution  of  energy  in  the  vicinity  of  man  is  dependent  on  other  factors  in 
addition  to  the  energy  actually  absorbed.  Among  the  most  important  of  these  other  fac¬ 
tors  are:  (a)  the  amplitude  distribution  of  the  field  incident  on  the  illuminated  surface; 

<S)  the  frequency  and  polarization  of  the  radiation;  and  (c)  the  size,  shape,  and  dielectric 
composition  of  the  man.  The  same  fundamental  considerations  apply  to  any  biosystem  or 
object.  An  understanding  of  *he  theoretical  and  practical  relationships  among  these  fac¬ 
tors,  as  expressed  in  the  energy  distribution  patterns,  is  prerequisite  to  the  proper  design 
of  bioeffects  studies  and  to  an  estimation  of  absorption  from  the  patterns. 

The  isotropic  sensor  used  in  the  present  studies  actually  measured  the  resultant  of 
these  parameters  and  was  unable  to  discriminate  in  favor  of  the  individual  components. 

It  is  necessary,  therefore,  to  identify  the  contribution  of  each  component  to  the  patterns 
and  to  evaluate  its  significance  in  terms  of  absorption.  To  assist  in  the  evaluations,  field 
observations  were  made  in  proximity  to  inanimate  objects  that  are  simpler  than  man  in 
shape  and  electrical  properties.  The  use  of  simpler  objects  in  the  same  measurement 
framework  should  make  it  possible  to  relate  the  data  taken  with  man  to  more  comprehen¬ 
sive  theoretical  and  experimental  studies  of  simpler  objects  reported  in  the  literature.  For 
instance,  King  and  Wu  (8)  described  the  reflection  and  diffraction  of  electromagnetic 
waves  by  conducting  and  dielectric  objects  of  various  shapes  and  size -to-wave length 
ratios. 

REFERENCE  FIELD 

The  characteristics  of  the  field  incident  on  the  subject  influence  the  interpretation  of 
the  results  of  the  pal  tern  measurements.  Considerable  effort  was  made  to  optimize  these 
characteristics  within  the  constraints  imposed  by  economic  considerations  and  by  the  fact 
that  these  were  real  rather  than  idealized  fields.  The  field  distribution  at  the  subject's 
location  is  primarily  dependent  on  (a)  the  output  of  the  generator  and  (b)  the  spatial  dis¬ 
tribution  of  the  energy  from  the  generator  as  determined  by  the  antenna,  feed  arrange¬ 
ments,  and  any  undesirable  multipath  reflections  that  may  be  present. 

Figure  4  shows  the  results  of  the  spectrum  analysis  of  the  output  from  the  generator 
and  the  relative  power  at  Hifferent  frequencies  with  and  without  the  filter.  The  gener¬ 
ating  system  was  operated  at  the  same  power  level  used  during  the  reflection  and  diffrac¬ 
tion  studies,  and  the  power  levels  of  the  respective  fundamentals  (1  and  3  GHz)  were 
normalized  to  zero  db  to  provide  a  base  for  comparison.  Considerable  energy  is  present  at 
undesired  frequencies  if  the  filters  are  not  used.  This  energy  could  result  in  erroneous 
conclusions  if  it  were  not  accounted  for  in  biological  investigations— a  point  often  neg¬ 
lected  in  previous  biological  studies.  The  distribution  of  energy  across  the  band  is  de¬ 
pendent  on  the  characteristics  of  the  generator  and  should  be  investigated  for  each  micro- 
wave  exposure  system . 

The  spatial  distribution  of  the  fields  throughout  the  experimental  area  (Figures  5 
through  7)  shows  that  the  structure  of  the  field  is  related  to  the  frequency  and  polarization 
of  the  radiation  and  to  the  plane  of  measurement.  The  data  from  these  measurements  were 
also  grouped  for  manually  constructed  contour  plots  so  that  the  fine  stiucture  was  smoothed 
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and  a  semi-quantitative  overview  of  the  field  was  obtained.  Contour  plots  of  the  refer¬ 
ence  fields  at  1  GHz  for  vertical  and  horizontal  polarization  are 'shown  in  Figure  8.  The 
energy  incident  on  objects  immersed  in  these  fields  would  differ  dependent  on  their  loca¬ 
tion  (Figures  5  through  8).  Effects  of  these  differences  were  reduced  to  a  practical  mini¬ 
mum  by  careful  positioning  of  the  subjects  or  objects  at  the  same  location  in  the  field 
throughout  the  measurements.  A  vertical  line  in  the  field  plots  indicates  the  position  of 
the  center  of  the  surface  of  the  test  objects  proximal  to  the  antenna.  A  reference -fie  Id 
plot  was  made  for  each  permutation  of  radiation  parameters  to  further  reduce  the  possibility 
of  error.  Under  idealized  conditions,  considerations  of  this  type  would  not  exist;  however, 
they  are  typical  of  situations  encountered  in  real  fields. 

ENERGY  DISTRIBUTION  IN  PROXIMITY  TO  TEST  OBJECTS 

Introduction  of  the  test  object,  including  man,  into  the  reference  field  caused  the 
generation  of  pronounced  perturbations  and  a  standing-wave  pattern  of  energy  distribution 
which  extended  a  considerable  distance  from  the  object.  The  characteristics  of  this  new 
pattern  are  directly  re'ated  to  the  frequency  and  polarization  of  the  radiation  and  to  the 
geometry  and  electrical  properties  of  the  test  object.  Consideration  of  these  patterns  will 
progress  from  those  found  in  proximity  to  the  simplest  of  the  test  objects  used— the  con¬ 
ducting  cylinder — to  the  most  complex--man. 

Cylinder 

The  energy  distribution  at  1  GHz  around  a  conducting  cylinder  is  shown  as  a  function 
of  polarization  in  Figures  9  and  10.  The  cylinder  diameter  was  set  equal  to  the  wave¬ 
length,  and  i He  measurement  plane  was  established  at  chest  height.  The  significance  of 
the  ratio  of  wavelength  to  cylinder  diameter  will  be  discussed  later.  Discontin  jity  in  the 
data  and  the  blank  areas  contiguous  to  the  cylinder  indicate  the  limits  of  measurement 
caused  when  the  cylinder  blocked  the  sensor  scan.  Irradiation  ».f  the  cylinder  produced 
the  expected  standing  waves  on  the  illuminated  (proximal)  side  and  shadow  on  the  opposite 
side.  The  resultant  diffraction  field  has  a  parabolic  pattern  with  ridges  of  elevated  energy 
extending  well  beyond  the  cylinder.  The  parabolic  pattern  of  the  energy  distribution  is 
particularly  evident  in  Figure  10  A.  Effects  of  polarization  are  clearly  seen.  If  the  elec¬ 
tric  field  (E -field)  is  parallel  to  the  axis  of  the  cylinder  (vertical  polarization),  the  side 
structure  of  the  field  is  more  pronounced  and  of  higher  amplitude  (Figure  9A);  if  the  E- 
field  is  perpendicular  to  the  axis  (horizontal  polarization),  the  energy  in  the  side  structure 
is  considerably  reduced  although  it  is  not  zero  (Figure  9B).  Comparison  of  the  field  pat¬ 
terns  in  the  vicinity  of  the  cylinder  with  the  respective  reference  fields  (Figures  5  through 
8)  indicates  the  radical  changes  in  energy  distribution  caused  by  the  cylinder. 

Theoretical  and  experimental  treatments  of  the  field  distribution  around  conducting 
cylinders  are  available  in  the  literature.  Some  of  the  information  frem  a  theoretical 
treatment  by  King  and  Wu  (8)  is  redrawn  in  Figure  1 1  to  indicate  the  calculated  field  dis¬ 
tribution  in  the  vicinity  of  a  conducting  cylinder  illuminated  by  a  plane  wave.  The  radi¬ 
ation  was  so  polarized  that  the  E-field  was  parallel  t  the  axis  of  the  cylinder,  and  the 
cylinder  diameter  was  equal  to  the  wavelength.  On  the  illuminated  side  of  the  cylinder  a 
radial,  standing-wave  pattern  is  formed  that  diminishes  in  amplitude  with  increasing 
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4  RADIATION 


F  inure  8 

Energy  Distribution  in  thu  Reference  Field  at  1  GHz  at  the  Chest  Plane 
Contour  Presentation:  A.  Vertical  B.  Horizontal 
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6  RADIATION 


FIELD  AMPLITUDE 


RELATIVE  WSTAMCE  FROM  CYLINDER  AXIS 


distance  from  the  cylinder.  A  given  maximum  or  minimum  in  the  E-field  advances  out¬ 
ward  from  the  cylinder  along  a  parabolic  path.  King  and  Wu  also  show  data  experimen¬ 
tally  determined  by  other  investigators  to  indicate  the  excellent  correlation  between 
measured  and  calculated  values. 

The  agreement  between  the  field  patterns  measured  in  the  present  study  and  those 
reported  in  the  literature  can  be  appreciated  by  comparison  of  Figure  1 1  with  A  in  both 
Figures  9  and  10.  This  comparison  is  significant  in  several  respects.  One  of  the  problems 
associated  with  the  experimental  determination  of  the  effect  of  object  shape  on  microwave 
reflection  is  the  calibration  of  the  system.  In  radar  investigations  the  standard  procedure 
if  to  relate  the  scattering  properties  of  the  object  of  interest  to  those  of  some  known  ob¬ 
ject.  This  requires  a  standard  reflector  of  simple  geometry,  such  as  a  sphere  or  flat  plate, 
for  which  the  theoretical  solution  is  known  (5).  In  the  Dresent  study  the  cylinder  provides 
the  calibration  device  as  wed  as  an  intermediate  link  for  relating  measurements  in  prox¬ 
imity  to  more  complex  objects,  such  as  man,  to  reported  theoretical  and  experimental 
measurements  near  simpler  objects. 

Manikin 

As  indicated  pteviously,  the  spatial  distribution  of  electromagne  ic  fields  in  vhe  vicin¬ 
ity  of  man  is  related  to  his  geometry  a*  well  as  to  the  electrical  properties  of  his  tissues. 

A  series  of  experiments  was  designed  to  identify  the  influence  of  each  of  these  factors  on 
the  field  patterns  so  that  they  could  be  evalucted  separately.  For  this  purpose  the  life- 
sized  manikin  was  used  to  simulate  the  geometry  of  the  human  subject.  It  was  made  con¬ 
ductive  to  provide  nearly  total  reflection  of  the  incident  field  and  to  exclude  the  influence 
of  interna!  reflections  (such  as  those  that  could  be  caused  by  differences  in  tissue  properties 
in  man),  thereby  limiting  the  field  characteristics  to  those  primarily  due  to  the  geometry 
of  the  object.  The  energy  distribution  in  proximity  to  the  manikin  under  different  condi  ¬ 
tions  is  shown  in  Figures  12  through  17. 

Chest  Plane,  1  GHz.  A  3-D  display  of  the  field  at  the  chest  plane  at  1  GHz  is 
shown  as  a  function  of  polarization  in  Figure  12;  Figure  13  consists  of  manually  constructed 
contour  curves,  or  top  views  of  the  field,  based  on  the  same  data.  The  standing  waves  cn 
the  illuminated  side  of  the  manikin,  the  shadowed  area  on  the  opposite  side,  and  the  para- 
Jjplic  nature  of  the  field  are  clearly  evident.  The  structure  of  the  fields  is  dependent  on 
the  polarization  of  the  incident  wave.  The  amplitude  of  the  field  structure  at  the  sides  of 
the  peaks  and  shadow  is  reduced  where  the  polarization  is  horizontal.  However,  the  peak 
adjacent  to  the  manikin  and  the  trailing  ends  of  the  first  intensity  ridge  are  noticeably 
higher  in  amplitude.  A  difference  in  the  shadow  characteristics  is  evident  in  the  contour 
plots  (Figure  13).  The  shadow  is  narrow  in  the  case  of  horizontal  polarization  but  broad¬ 
ens  with  distance  from  the  manikin  when  the  polarization  is  vertical .  Comparison  of  the 
diffraction  fields  around  the  manikin  (Figures  12  and  13)  with  those  in  the  vicinity  of  the 
cylinder  (Figures  9  and  10)  indicates  differences  in  the  peak  fornations  and  in  the  intensity 
ridges  delimiting  the  shadow  region. 


Figure  13 

Energy  Distribution  in  Proximity  to  the  Conducting  Manikin  at  1  GHz  at  the  Chest  Plane 
Contour  Presentation:  A.  Vertical  B.  Horizontal 
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Contour  Presentation 


Figure  17 

Energy  Distribution  in  Proximity  to  the  Conducting  Manikin  at  3  GHz  at  the  Head  Plane 
Contour  Presentation:  A.  Vertical  B.  Horizontal 
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Head  Plane,  1  GHz.  The  results  of  comparable  measurements  made  at  1  GHz  at  the 
head  plane  of  the  manikin  are  shown  in  Figures  14  and  15.  The  3-D  plots  (Figure  14)  are 
similar  to  those  presented  previously .  The  contour  plots  (Figure  15)  were  generated  from 
the  same  data  by  using  the  computer  output  to  intensity-modulate  the  beam  of  an  oscillo¬ 
scope,  and  the  display  was  photographed .  The  range  of  the  intensity  scale  in  the  photo¬ 
graphs  was  adjusted  to  extend  from  white  (field  maximum)  to  black  (field  minimum).  Since 
the  scale  in  the  computer  plots  was  not  calibrated,  a  qualitative  overview  of  the  diffrac¬ 
tion  field  was  obtained.  Figures  14  and  15  show  the  parabolic  nature  of  the  fields,  the 
standing  waves,  and  the  increased  amplitude  of  the  side  structure  when  the  incident  wave 
was  vertically  polarized.  Definite  differences  in  the  shadow  area  are  related  to  the  po¬ 
larization  of  the  field.  The  shadow  is  distinct  with  we  1 1 -formed  boundaries  in  the  verti¬ 
cally  polarized  field  (Figure  14),  while  it  is  almost  nonexistent  when  the  field  is  polarized 
horizontally.  This  suggests  that  considerable  energy  is  reradiated  from  the  nonilluminated 
side  of  the  manikin's  head,  thus  filling  the  shadowed  area.  A  detailed  theoretical  discus¬ 
sion  of  a  surface  wave  phenomenon  that  could  explain  this  observation  is  found  in  King 
and  Wu  (8). 

Head  Plane,  3  GHz .  Another  series  of  measurements  was  made  at  3  GHz  at  the  head 
plane  of  the  manikin  (Figures  16  and  17).  The  most  obvious  effect  of  the  change  in  fre¬ 
quency  was  the  increase  in  complexity  of  the  field  patterns  caused  by  changes  in  the  spa¬ 
tial  size  of  the  variations.  Although  some  of  the  information  in  the  3-D  plots  (Figure  16) 
is  obscured,  the  standing  wave  peaks  and  the  shadows  can  be  identified.  The  parabolic 
pattern  of  the  fields  is  most  evident  in  the  contour  plots  (Figure  17).  Since  the  field 
structure  Is  considerably  more  complex  at  this  frequency,  comparable  plots  would  require 
a  disproportionate  amount  of  time  and  effort  and  be  subject  to  a  higher  probability  of  error 
if  produced  manually.  For  this  reason,  computer-generated  displays  become  more  useful 
as  the  frequency  increases.  The  amplitude  of  the  structure  at  the  sides  of  the  field  again 
appears  generally  lower  when  the  radiation  is  horizontally  polarized.  However,  the  peak 
adjacent  t0  the  manikin  is  very  high  in  amplitude  and  the  amplitude  of  the  ridges  that 
form  the  boundaries  of  the  shadow  increases  with  distance  from  the  manikin  along  the 
7-axis  (Figure  16  B). 

The  patterns  of  scattering  from  the  manikin  (Figures  12  through  17)  suggest  charac¬ 
teristic  relationships  between  the  wavelength  of  the  incident  radiation  and  the  maximum 
transverse  dimension  (size)  of  the  manikin  at  the  plane  of  measurement.  Table  I  summa¬ 
rizes  the  relationships  for  horizontally  polarized  radiation. 

Since  the  field  patterns  at  a  given  frequency  and  polarization  incorporate  expressions 
of  the  electrical  properties,  size  and  shape  of  the  object,  the  manikin  was  deliberately 
made  conductive  to  equate  the  electrical  properties  over  the  entire  surface  and  to  insure 
that  all  t he  incident  energy  was  scattered,  i.e.,  none  was  absorbed.  Consequently,  the 
pattern  characteristics  just  described  (Figures  12  through  17  and  Table  1)  were  primarily 
related  to  the  manikin's  size  and  shape.  The  shiilarify  in  size  and  shape  between  the 
manikin  and  man  makes  ii  possible  to  compare  Ihe  fields  near  the  manikin  with  those  in 
proximity  to  man.  Since  the  influence  of  size  and  shape  on  the  patterns  was  nearly  equal, 
any  differences  should  be  related  to  the  energy  absorbed  by  the  man. 
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Thu  characteristic  reflection  and  diffraction  patterns  in  proximity  to  man  are  shown  in 
Figures  18  through  24. 

Chest  Plane ,  1  GHz.  Figures  18  and  19  show  the  energy  distribution  as  a  function  of 
polarization  at  1  GHz  on  a  plane  at  chest  level.  A  gross  comparison  of  the  field  patterns 
in  proximity  to  man,  the  manikin  and  the  cylinder  indicates  certain  genera!  characteristics 
that  are  held  in  common.  Standing  waves  appear  on  the  illuminated  side  of  man  and  a 
shadowed  region  is  produced  on  the  side  opposite  the  antenna  (Figure  18).  The  parabolic 
structure  of  the  field  and  reduction  in  amplitude  of  the  side  structure  duo  to  polarization 
is  shown  in  the  contour  plots  (Figure  19). 

Figure  20  is  a  computer-generated,  contour  display  of  the  same  data  used  to  manu¬ 
ally  construct  Figure  19  A  and  is  included  to  provide  perspective  and  l  direct  comparison 
of  the  two  methods  of  data  presentation.  The  same  field  characteristics  appear  in  both 
types  of  contour  plots. 

A  more  detailed  comparison  of  the  energy  distribution  on  a  plane  at  the  level  of  the 
chest  in  man  (Figure  18)  with  that  on  the  same  plane  near  the  manikin  (Figure  12)  and 
near  the  cylinder  'Figure  9)  indicates  differences  that  are  apparently  dependent  on  differ¬ 
ential  absorption  by  the  man.  The  peaks  in  the  standing  waves  diminish  in  amplitude  with 
distance  from  both  the  manikin  and  the  cylinder.  If  man  is  the  test  object,  however,  the 
peaks  are  lower  in  initial  amplitude  but  remain  nearly  constant  with  distance.  The  char¬ 
acteristic  reduced  amplitude  of  the  standing  wave  peaks,  and  of  the  peak  adjacent  to  the 
man  in  particular,  suggests  absorption  of  the  energy  by  the  human  subject. 

Head  Plane,  1  GHz.  The  field  distribution  at  1  GHz  around  the  head  of  the  man  is 
shown  In  Figures  21  and  22.  Comparison  of  this  distribution  with  the  patterns  near  the 
head  of  the  manikin  at  the  same  polarization  demonstrates  a  definite  reduction  in  the 
amount  of  energy  scattered  by  the  man  (Figures  14  and  21).  Since  the  incident  energy  is 
the  same  in  both  cases,  the  reduction  is  strong  evidence  of  absorption.  Another  difference 
in  the  patterns  Is  found  in  the  shadow  area  when  the  incident  wave  is  horizontally  polar¬ 
ized.  The  shadow  region  on  the  nonilluminated  side  of  the  man's  head  contains  minimal 
electrical  energy  (B  in  Figures  21  and  22)  while  a  significant  amount  i»  present  in  the 
analogous  area  near  the  manikin  (B  in  Figures  14  and  15).  This  suggests  that  the  surface 
currents  generated  on  the  manikin  and  the  consequent  radiated  energy  are  not  present  to 
the  same  degree  on  man  because  of  the  reduced  conductivity  of  the  man. 

Head  Plane,  3  GHz.  Figures  23  and  24  indicate  the  fi«ld  patterns  at  3  GHz  on  a 
plane  at  the  level  of  the  man's  head.  The  pattern  of  electric  energy  distribution  is  gen¬ 
erally  similar  to  that  near  the  head  of  the  manikin  at  the  same  frequency,  as  is  particularly 
evident  in  comparing  the  corresponding  contour  plots  (A  in  Figures  17  and  24  and  B  in 
Figures  17  and  24,  respectively). 

Although  the  patterns  of  energy  distribution  are  similar  around  the  man  and  the  mani¬ 
kin  under  all  conditions  studied,  there  are  definite  differences  in  the  amplitude  of  the 
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Figure  19 

Energy  Distribution  in  Proximity  to  Man  at  1  GHz  at  the  Chest  Plane 
Contour  Presentation:  A.  Vertical  B.  Horizontal 


Figure  20 

Computer-Generated  Contour  Presentation  of  the  Data  used  to 
Construct  the  Manual  Contour  Plot  in  Figure  19  A 
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Figure  22 

Energy  Distribution  In  Proximity  to  Man  at  1  GHz  at  the  Head  Plane 
Contour  Presentation:  A.  Vertical  B.  Horizontal 
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scattered  energy.  This  is  especially  evident  in  comparing  the  standing^wave  peaks  near 
the  men  (B  in  Figures  18,  21,  and  23)  with  the  analogous  peaks  near  the  manikin  (B  in 
Figures  12,  14,  and  16).  The  effect  of  the  ratio  of  object  size  to  wavelength  on  the 
energy  distribution  was  demonstrated  for  the  manikin  (Table  1).  The  ratio  apparently  does 
not  have  the  same  effect  on  the  distribution  if  man  is  illuminated  under  the  same  condi¬ 
tions. 

PHASE  RELATIONSHIPS 

A  determinant  of  the  E-field  amplitude  measured  at  any  given  point  in  space  near  a 
scattering  object  is  the  phase  relationship  between  the  field  incident  on  the  objejt  and 
that  reflected  from  it.  Absorption  estimations  based  on  determinations  of  the  difference  in 
amplitude  between  the  incident  and  reflected  energy  could,  therefore,  be  in  error  if  these 
relationships  are  not  considered.  The  necessary  phase  information  is  inherent  to  the  E- 
field  patterns  previously  described,  it  should  be  recalled  that  in  a  standing  wave,  the 
maxima  and  minima  in  resultant  field  amplitudes  occur  where  the  incident  and  reflected 
waves  are  in  and  out  of  phase,  respectively.  It  is  known  that  the  position  of  the  minimum 
in  a  standing  wave  can  be  located  with  greater  accuracy  than  that  of  a  maximum  (6),  how¬ 
ever,  the  incident  wave  must  be  sufficiently  high  in  amplitude  to  insure  that  the  amplitude 
minima  will  be  well  above  the  noise  level  of  the  detector.  In  the  context  of  the  present 
measurements,  this  implies  that  the  field  incident  on  the  man  would  be  relatively  high  in 
intensity.  Essentially  the  same  information  can  be  gained  by  location  of  the  field  maxima 
with  the  advantage  that  the  incident  field  can  be'reduced  in  intensity;  therefore,  this  ap¬ 
proach  was  adopted  for  the  present  sti-dy. 

Figure  25  depicts  the  E-field  maxima  calculated  by  King  and  Wu  (8)  for  a  conducting 
cylinder  illuminated  by  a  vertically  polarized  plane  wave.  The  E-field  maxima  measured 
on  a  plane  at  chest  level  around  the  cylinder,  manikin  and  man  are  superimposed  on  the 
theoretical  curves.  The  parabolic  structure  of  the  curves  is  immediately  apparent.  The 
-eference  point  common  to  all  the  test  objects  is  located  at  the  tip  of  the  arrow  labeled 
"incident  beam."  Dependent  on  the  elevation  of  the  measurement  plane,  this  reference 
lies  at  some  point  on  the  vertical  line  in  the  3-D  plots. 

Figure  25  shows  the  relationship  between  the  theoretical  distribution  of  in-phase 
components  predicted  {or  the  cylinder  and  that  actually  measured  in  the  present  experi¬ 
ments.  The  30-cm  diameter  of  the  cylinder  used  in  the  study  at  1  GHz  provides  a  direct 
comparison  of  the  experimental  results  with  the  theoretical  treatment,  since  the  ratio  of 
diameter  to  wavelength  in  both  cases  was  1 .  The  agreement  between  the  curves  provides 
assurance  that  the  cylinder  can  be  used  under  the  existing  conditions  as  a  calibrating  de¬ 
vice  as  well  as  a  connecting  link  tu  relate  the  fields  in  proximity  to  the  man  and  manikin 
to  those  associated  with  simpler,  better-undo rstood  objects  described  in  the  literature. 

The  correlation  between  the  curves  also  implies  that  the  field  is  relatively  planar  since  the 
theoretical  distribution  assumed  a  plane  wave. 

Equiphase  lines  are  also  constructed  along  the  E-field  maxima  generated  by  the  man 
anJ  manikin  under  thf  same  exposure  conditions.  The  agreement  between  this  pair  of 
curves  is  very  good.  Since  the  dielectric  properties  of  the  man  and  manikin  are  different. 
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it  appears  that  the  phase  distribution  is  not  dependent  on  these  properties.  On  the  other 
hand,  the  pair  of  curves  for  the  man  and  manikin  do  not  generally  coincide  with  those  for 
the  measured  and  calculated  cylinder.  Since  the  cylinder  and  the  manikin  are  both  con¬ 
ductive,  this  suggests  that  it  is  the  size  of  the  man  or  other  object,  rather  than  his  elec¬ 
trical  properties,  that  determines  the  phase  distribution  of  the  fields  in  his  vicinity. 

The  equiphase  lines  from  each  of  the  objects  intersect  a  line  that  is  normal  to  both 
the  advancing  wc/efrontand  the  illuminated  surface  of  the  object.  The  relationship  be¬ 
tween  the  wavelength  of  the  radiation  and  the  energy  distribution  patterns  is  most  clearly 
evident  on  this  normal  where  the  intersections  occur  at  odd  multiples  of  a  quarter  wave¬ 
length  from  the  reflecting  object.  It  is  apparent  in  the  preceding  figures  that  the  standing 
wave  maxima  or  peaks  occur  at  these  intersections. 

For  maximum  utility  and  accuracy,  an  estimation  of  absorbed  energy  based  on  ex¬ 
ternal  field  measurements  should  not  be  critically  dependent  on  small  differences  in  size 
such  as  those  normally  present  in  a  population.  Figure  25  indicates  that  phase  conditions 
are  independent  of  the  size  of  the  reflecting  object  only  on  the  normal  for  the  objects  used 
in  the  present  experiments.  Since  the  phase  relationships  at  any  point  other  than  on  the 
normal  are  dependent  on  the  size,  and  the  amplitude  at  a  given  point  is  dependent  in  part 
on  the  phase  conditions,  a  correction  for  phase  effects  due  to  the  size  of  the  object  is  re¬ 
quired  if  the  measurement  is  taken  at  any  point  in  the  field  other  than  on  the  normal. 

CONCLUSIONS 

A  series  of  studies  of  the  energy  distribution  in  proximity  to  man  during  microwave 
illumination  is  in  progress.  The  studies  indicate  several  concepts  that  are  important  to 
investigations  of  the  bioeffects  of  nonionizing  radiation.  A  pronounced  diffraction  field 
is  generated  in  space  in  proximity  to  man  during  illumination  by  microwave  energy.  The 
characteristics  of  the  field  are  dependent  on  the  complex  relationships  between  the  fre¬ 
quency  and  polarization  of  the  radiation  and  the  geometry  and  dielectric  properties  of  the 
man.  The  effects  of  each  of  these  parameters  on  the  diffraction  field  can  be  isolated  and 
identified,  and  the  field  characteristics  can  be  compared  to  data  obtained  from  both  theo¬ 
retical  and  experimental  studies  of  objects  having  less  complex  shape  and  composition. 

Definite  standing  waves  are  formed  on  the  illuminated  side  of  man  and  pronounced 
areas  of  shadow  appear  on  the  opposite  side.  Considerable  energy  is  also  present  in  the 
field  alongside  man,  if  the  electric  vector  of  the  incident  wave  is  'parallel  to  the  long 
axis  of  the  man.  If  the  wave  is  polarized  horizontally  relative  to  the  man,  this  energy  is 
redistributed  so  that  the  amount  present  at  the  lateral  aspects  is  much  reduced.  Under  all 
of  the  conditions  tested,  a  considerable  amount  of  the  energy  incident  on  the  man  was  re¬ 
flected.  Field  intensities  in  his  vicinity  may,  therefore,  vary  over  a  very  wide  range. 

Power  measurements  in  proximity  to  man  for  safety  monitoring  may  be  subject  to  gross 
errors  in  interpretation  if  diffraction  fields  are  not  taken  into  consideration.  This  is  par¬ 
ticularly  true  at  higher  frequencies  where  a  small  change  in  position  of  the  measuring  de¬ 
vice  could  result  in  large  differences  in  the  magnitude  of  the  measured  field  intensity. 
Similar  errors  in  interpretation  could  result  if  the  diffraction  fields  of  other  nearby 
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personnel  or  reflecting  objects  are  not  taken  into  account.  The  same  considerations  place 
constraints  on  the  experimental  design  of  bioeffect  studies. 

Probably  the  most  significant  of  the  benefits  that  moy  ultimately  accrue  from  this  new 
experimental  approach  is  the  potential  development  of  a  noninvasive  method  of  estimating 
the  energy  absorbed  from  a  microwave  field  by  man  and  other  living  organisms.  The  char¬ 
acterization  of  the  effect  of  each  of  the  factors  contributing  to  the  diffraction  field  forms 
the  foundation  for  such  a  method . 

A  unique  advantage  of  the  approach  is  that  both  the  complex  dielectric  properties 
and  the  geometry  of  man  are  automatically  taken  into  account  in  the  proper  perspective. 
The  risk  of  error  concomitant  with  extrapolations  from  animal  models  or  from  even  simpler 
static  models  is  therefore  minimized  or  obviated.  A  judicious  combination  of  high  sensor 
sensitivity,  low  incident  field  intensity  and  short  period  of  exposure  provides  rhe  informa¬ 
tion  with  minimum  exposure  of  the  subject. 

Direct  measurement  of  the  diffraction  fields  in  proximity  to  man  will  provide  informa¬ 
tion  concerning  his  interaction  with  a  microwave  environment  that  can  be  obtained  in  no 
other  way . 
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